Treatment of N-phenyl-p-phenylenediamine and two equivalents of aniline with potassium dichromate in hot water acidified with a small amount of sulfuric acid gives 3-phenylamino-5-phenyl-7-aminophenazinium sulfate (pseudomauveine). The oxidation of N-phenyl-p-phenylenediamine and o-toluidine with potassium dichromate in water with a small amount of sulfuric acid gives 3-phenylamino-5-(o-toluyl)-7-amino-8-methylphenazinium sulfate. Oxidation of aniline and (o or p) toluidine only gave small quantities of mauveine chromophores. Oxidation of p-toluidine gives a known dimer which gives a purple coloured solution in acid. A hypothesis is described in which N-phenyl-pphenylenediamine may have been involved in mauveine synthesis in the nineteenth century.
In 1856, Perkin filed a patent on a method for making mauveine by the oxidation of aniline sulfate with potassium dichromate in hot water. 1 This gave a black precipitate from which some mauveine was extracted with hot ethanol. The coloured product was powdered with oxalic or tartaric acid, dissolved in hot water and used to dye materials a lilac or purple colour. This invention was exploited by Perkin who set up a factory for its manufacture at Greenford Green and originated the coal-tar dye industry. 2 The structure of mauveine was unknown. Perkin carried out extensive combustion analyses on a hydrochloride salt of mauveine which suggested a CHN formula of C 27 H 24 N 4 that might contain four aniline groups and three methyl groups. 3, 4 (for which the correct formula is C 27 H 25 N 4 Cl). The free base and a number of salts were prepared. 3 He also isolated a parent chromophore which he called pseudo-mauveine and determined the formula to be C 24 H 21 N 4 Cl (the correct formula is C 24 H 19 N 4 Cl). 4 A possible formula for pseudo-mauveine 1, deduced from independent synthetic studies, was published in the period 1888-1896 (Scheme 1). [5] [6] [7] [8] The structure of mauveine dyes in some original mauveine samples from museum archives was recently studied by NMR and mass spectrometry. [9] [10] [11] A series of homologues substituted with methyl groups was identified by LC-MS and accurate mass. 11 The main homologues are mauveine A and mauveine B (Scheme 2). The location of the two phenazinium methyl groups was partly deduced by the choice of o-toluidine as a starting material since retrosynthesis shows that the two methyl groups could then only be in these positions. 9 There are two characteristic phenazinium protons near to 6 ppm (positions 4 and 6). Also one of the phenazinium protons near to 6 ppm is a singlet and one shows a small meta coupling. 9 We now report our studies on mauveine synthesis by Perkins original method and the synthesis of pseudo-mauveine and a homologue by the oxidation of aromatic amines using potassium dichromate .
Discussion
At first we anticipated it would be easy to reproduce Perkin's patented work. 1 We carried out a detailed study. However we were only able to isolate mauveine in small quantities by this method which involved the oxidation of aniline or aniline/o-or p-toluidine mixtures. We also studied similar literature procedures for making mauveine which are often referred to. 2, [12] [13] [14] [15] [16] [17] These involve the oxidation of aniline, o-toluidine and ptoluidine with potassium dichromate in dilute aqueous sulfuric acid (or the oxidation of the corresponding sulfate salts).
The conditions we used are summarised in Table 1 . Although these reactions are failed attempts to make mauveine, apart from entry 10 and its generality, they illustrate why we found it difficult to repeat this method. The pH should not be too low and the length of time in hot water is important. The ratios of aniline and toluidines are replicated exactly from Perkins work 1-4 and later preparations. [12] [13] [14] [15] [16] None of these reactions was successful for making mauveine. However, initially we used dilute sulfuric acid but then changed this to a very small quantity of acid (entry 10) and ran the reaction for longer (4h) rather than 1h as in entry 6. We then observed a small quantity of mauveine by TLC after work-up of the reaction. This is closer to Perkin's work since he oxidised sulfate salts of aromatic This was concentrated and dried in vacuo to give a dark powder in high yield. The melting point (> 220 °C) is much higher than that of the starting material 4. It is poorly soluble in CH 2 Cl 2 whereas the precursor 4 is soluble in CH 2 Cl 2 . The broad long wavelength λ max undergoes a bathochromic shift from 500 nm (450-550 nm) in precursor 4 to 530 nm (480-580 nm) in dye 5. Compound 5 is soluble in water whereas precursor 4 is not soluble in water. After the dye 5 was left for 4 days dissolved in water a TLC plate stained with the dye was masked by a pale brown colour. This showed that the dye 5 is either not stable or slowly aggregates. Since the crude filtrate of dye 5 was stable for many weeks in water we treated base 4 with sodium hydrogen sulfate which gave a more stable solution. A thin piece of silk was placed in a solution of compound 5 mixed with NaHSO 4 in water with some salt for 10 h. The silk dyed an even red/brown colouration. The silk was not dyed with ethanol as solvent.
The chemicals used in the original preparations were clearly mixtures [1] [2] [3] [4] and this might have affected the reported results. It was not clear why we were unable to repeat Perkins method for making mauveine with a higher yield 1 or similar literature methods [12] [13] [14] [15] [16] which we copied. Our attention turned to the structures of phenosafranin 7 and safranin T or O 8 both of which are commercially available (Scheme 4).
Both of these compounds and others are accessed via pphenylenediamine or p-phenylenediamine derivatives. [20] [21] [22] [23] [24] [25] A stepwise synthesis of phenosafranin 7 was also accomplished from an N-phenylphenazinium salt. 26 These compounds all contain the core structure of mauveine so it occurred to us that pseudo-mauveine itself could probably be made via the oxidation of N-phenyl-p-phenylenediamine 9 and aniline. This would allow synthesis of the phenosafranin core but with one amines in water. We presumed that at low pH iminium salts involved in the condensation chemistry might be too rapidly hydrolysed. The oxidation of pure aniline gave a dark purple powder (entry 1).
The references in the entry column indicate where the ratios of amines are identical to those used in that literature procedure; o-tol = o-toluidine; p-tol = p-toluidine; 1* in water (350 mL); 7* preformed sulfate salts oxidised at room temperature.
The IR spectrum showed a strong peak at 1600 cm −1 characteristic of a conjugated quinone carbonyl group and a broad NH stretch at 3200-3700 cm −1 . It was very poorly soluble in hot water or hot ethanol and was not characterised any further. It cannot be dissolved in hot water to stain silk so it is not mauveine. The oxidation of various aromatic amines was unsuccessful (entries 2-7). An attempt was made to isolate products from these reactions (entries 2-9) by filtration and extraction of any precipitate with MeOH, and neutralisation of the aqueous filtrate with CH 2 Cl 2 present. We also prepared a sulfate salt (50 % aniline:25% p-toluidine:25% o-toluidine) but its oxidation was not successful at room temperature (entry 7). 2 The oxidation of a mixture of aniline and o-and p-toluidines led to the isolation of a very small quantity of a red/pink chromophore(s) (entries 8-9). [12] [13] [14] [15] [16] [17] Although we did not characterise this material we repeated it a number of times and showed that the product was not mauveine because it did not stain silk purple from a hot aqueous dye bath after purification..
In these studies we noticed that the oxidation of pure ptoluidine or aniline/p-toluidine (1:1) mixtures gave intense purple coloured solutions (entries 11 and 12). The product was isolated by neutralisation and extraction into CH 2 Cl 2 . This material has identical spectroscopic properties to compound 4 which is a known compound 18 (Scheme 3). Aniline is not incorporated into the dye so the dimerisation is selective for p-toluidine. Compound 4 has been previously reported by the oxidation of p-toluidine with IBX but the protonated dye 5 was not reported. 18 Oxidation by NaIO 4 also gives compound 4 in our hands but the product was less pure. 19 In the dye 5 the primary amine is conjugated to the imine so can stabilise an imminium salt.
Treatment of a red solution of purified precursor 4 in MeOH with a few drops of cHCl gives an attractive purple solution. arylamino group attached in place of a primary amino group. Early independent synthetic studies on pseudo-mauveine synthesis all used either a nitrosated aromatic amine or a pphenylenediamine. [5] [6] [7] [8] These studies confirmed the structure of mauveine. N-Phenyl-p-phenylenediamine 9 (Scheme 5) was used as a building block but it was not reacted with aniline. This building block is commercially available, cheap, and might be used flexibly with different anilines to make methyl substituted mauveine homologues or isomers. The related compound 4-amino(4-anilino)diphenylamine 10 and some anilines were recently oxidised with K 3 FeCN 6 in MeOH/H 2 O to give pseudo-mauveine and some derivatives. 27 N-Phenyl-p-phenylenediamine 9, and two equivalents of aniline were treated with 1.34 equivalents of potassium dichromate in water with a small amount of sulfuric acid at 75 °C for 2-3 h. The reaction mixture turns red. The mixture was cooled, filtered through a fine sinter then washed with water. The precipitated material was extracted on the sinter 6-7 times or more with small quantities of methanol. These washings were concentrated and columned on conventional flash silica. Chromatography works well to purify a small quantity of pseudo-mauveine. Firstly methanol elutes front running brown material. Next 20% aqNH 3 /MeOH elutes a blue layer followed by the slow elution of a long purple band of pure pseudomauveine (Scheme 6). The blue band is always present and might explain why silk pieces stained in the reaction have a duller shade.
We obtained pseudo-mauveine 1 in a yield of 5%. The dye is best removed from a round-bottomed flask for agglomeration by dissolving it in MeOH then evaporating in a small flat beaker on a hot plate. The cheap readily available starting material 9 (1Kg for £37) 28 gives about 1/10 its weight in product (250 mg of 9 gave 25 mg of pseudo-mauveine). The counterion is presumed to be sulfate since this is the conjugate base of the acid present and would be the most thermodynamically stable anion (in preference to HO − , HSO 4 − or NH 4 SO 4 − ). A dilute purple solution in ethanol did not change colour at all when treated with a drop of cH 2 SO 4 suggesting that the dye is still protonated after chromatography, i.e. it is not a neutral base deprotonated at the NHPh group. It is important to use just a small amount of acid and not an excess of aniline for the synthesis. An attempt with 5 equivalents of aniline failed to give pseudo-mauveine. Also the use of dilute sulfuric acid led to failure. Although we did not use preformed sulfate salts of the amines as Perkin reported, for 250 mg of compound 9 we used just five drops of cH 2 SO 4 in 200 mL water.
The compound gave clean proton and carbon spectra ( Figures 1 and 2 in the Electronic Supplementary Information). Taking the characteristic phenazinium ring protons at 5.9 and 6.2 ppm as integrating to one proton each (positions 4 and 6), there were 16 aromatic hydrogens. The solvent was CD 3 OD so the amino groups exchanged. There were 20 unique carbons present as expected. The mass spectrum and accurate mass showed a strong molecular ion at 363. These data were similar to those reported previously for pseudo-mauveine 1 isolated from a museum sample. 11 So far we have not obtained crystals suitable for single crystal structure determination. The UV spectrum showed a long wavelength absorption at 552 nm with a molar absorptivity of 57,000 L mol −1 cm −1 (Fig. 1) . The shorter wavelength absorptions occurred at 280 nm (52,000 L mol −1 cm −1 ) and 225 nm (46,000 L mol −1 cm −1 ). The compound efficiently stains silk in hot water leading to a deep shade of purple after 5 minutes. Dyeing of a dry piece of silk only occurs from hot water and not from hot alcohol. After treating in a hot dye bath of alcohol the dye washes out under a tap. A number of dyed artefacts from the Science Museum are available for viewing for comparison on the internet. 29 Likewise, N-phenyl-p-phenylenediamine 9, and two equivalents of o-toluidine were treated with 1.34 equivalents of potassium dichromate in water with a small amount of sulfuric acid at 75 °C for 2-3 h (Scheme 7). 3-Phenylamino-5-(o-toluyl)-7amino-8-methylphenazinium sulfate 11 was isolated in 6 % yield by the method described previously. The 1 H NMR and 13 C NMR data are characteristic of the structure. In the 1 H NMR two methyl groups were present at 1.90 and 2.38 ppm and the characteristic phenazinium protons at 6.1 (s) and 6.3 (d, J = 1.6) ppm. The doublet suggests coupling to a meta position which is not substituted with a methyl group. There were 23 unique peaks in the 13 C NMR spectrum. 13 C DEPT showed there to be 10 quaternary carbons and that one CH resonance was missing. Two methyl groups were present at 15.4 and 16.2 ppm. Characteristic peaks of the phenazinium ring clear from other signals occurred at 92.9, 93.1, 152.6 and 158.3 ppm. The mass spectrum showed a strong molecular ion and accurate mass measurement at 391. The UV-Vis spectrum is similar to that of pseudo-mauveine 1 (Fig. 2) . This reaction verifies that methyl-substituted isomers are accessible by this method although this is not surprising since methyl-substituted derivatives of phenosafranin 7 can also be made using suitable para-phenylenediamines. [20] [21] [22] [23] [24] [25] This method opens up the opportunity for independent synthesis of some known mauveine chromophores characterised from museum archives. [9] [10] [11] Independent synthesis will allow verification of some claimed structures where single crystal structures have not been obtained.
Hypothesis
Our low yields from Perkin's mauveine synthesis, and the successful method reported here with an aniline dimer 9, led us to reconsider how his early synthesis of mauveine might have been achieved. Mauveine was produced very quickly on a manufacturing scale. 2 About 1/10 of the weight of starting amines was converted into mauveine which is similar to our yield. 30 Perkins starting materials may have contained intermediate 9 since he isolated pseudo-mauveine. No doubt early materials would have been less pure than materials today. Aniline prepared by the nitration and reduction of the benzene fraction from coal tar contained some toluidines and xylidines. However, we have also considered a possible synthesis of compound 9 in a pure state that might have been achieved by Perkin and Church by 1856 or later. Aniline trimer 10 is harder to make and is less likely to have been made then. Its synthesis also proceeds via compound 9. 27 N-Phenyl-p-phenylenediamine 9 can be made via the nitrosation, 31-32 diazonium coupling, 33 or nitration of diphenylamine. [34] [35] 4-Nitrosodiphenylamine can be made on a large scale in two stages. 36 Syntheses of diphenylamine 12 and p-tolyphenylamine 13 by heating aniline or p-toluidine with aniline hydrochloride were reported slightly later in 1866 (Scheme 8). 37 The method is simple, the materials were used previously by Perkin in 1856 and he discussed this paper in the Hofmann Memorial lecture. 2 Back in 1856 Perkin also treated aromatic amines such as 1-naphthylamine with nitrite of potash and aqHCl and isolated an azo dye although initially he characterised it incorrectly. [38] [39] [40] Scheme 8 is our proposed mechanism for the reaction forming diphenylamine. Since ammonia is a poor leaving group, a benzyne mechanism is unlikely. A small equilibrium amount of ring protonation could be followed by a condensation reaction. We have repeated this method using aniline sulfate and aniline hydrochloride. After heating neat aniline and some aniline hydrochloride in a Parr Bomb at 220 °C for 48 h we obtained diphenylamine in 40% yield (3.7 g of pure product from 10 g of aniline). The reaction had not gone to completion at this stage. Aniline sulfate also undergoes the reaction but the yield was lower (16%) and the product less clean. An attempt was made to couple aniline hydrochloride with o-toluidine. This reaction only gave diphenylamine. o-Toluidine condenses with aromatic amines at 280 °C. 41 
Conclusion
A procedure is described for a pseudo-mauveine synthesis by the oxidation of N-phenyl-p-phenylenediamine 9 and two equivalents of aniline with potassium dichromate. A small amount of sulfuric acid in water was used as solvent and the Scheme 7 Scheme 8 significance of this for making mauveine from anilines is described. The generality of this method for making specific mauveine homologues is illustrated by the synthesis of a dimethyl substituted derivative of pseudo-mauveine 11, an isomer of mauveine A. Our failure to prepare mauveine in high yield by the historical procedure has led us to speculate that N-phenyl-p-phenylenediamine and other N-aryl-p-arylenediamines (such as those needed to make the other mauveine chromophores) may have been involved in syntheses in the nineteenth century.
A dimer of p-toluidine was isolated from the oxidation of p-toluidine or p-toluidine/aniline with potassium dichromate which forms a purple coloured solution in acid.
Experimental
IR spectra were recorded on an ATI Mattson FTIR spectrometer using potassium bromide or sodium chloride discs. UV spectra were recorded using a Perkin-Elmer Lambda 25 UV-VIS spectrometer with EtOH as the solvent. 1 H and 13 C NMR spectra were recorded at 250 MHz and 62.9 MHz respectively using a Bruker AC 250 spectrometer or at 400 MHz and 100.5 MHz respectively using a Varian 400 spectrometer. Chemical shifts, δ are given in ppm relative to the residual solvent and coupling constants, J are given in Hz. Low resolution and high resolution mass spectra were obtained at the University of Wales, Swansea using electron impact ionisation, chemical ionisation and electrospray ionisation methods. Melting points were determined on a Kofler hot-stage microscope.
Commercially available sources of pure aniline, o-toluidine and p-toluidine were used.
Sinters are conveniently cleaned by slowly draining sodium hypochlorite through them under gravity then with water.
We have frequently assayed hot aqueous reactions involving aniline oxidation using pieces of silk. Where pseudo-mauveine is present a purple piece of silk may form but we observed that by-products can also mask the stain making it appear red/purple so ideally the dye should be isolated from the reaction first. Pseudo-mauveine (with sulfate counterion) only stains silk from hot water. TLC analysis of aqueous reactions containing H 2 SO 4 are poorly resolved.
Attempted syntheses of mauveine
From aniline (Entry 1): Aniline (5.0 g, 0.054 mol) was dissolved in water (350 mL) acidified with cH 2 SO 4 (20 mL). The mixture was stirred and treated with K 2 Cr 2 O 7 (15.8 g, 0.054 mol) then heated to 75 °C for 30 min. The reaction was then cooled and a black sludge was filtered off. This was agitated by spatula for a few minutes with a solution of dilute aqNaOH (3-5 M) while still in the sinter funnel then sucked dry (alkali dissolves the sludge). 30 This left a dark purple precipitate (910 mg) m.p. > 220 °C; ν max (KBr)/cm −1 3200-3700, 1600, 1500, 1220, 1160, 1110, 900, 850, 690 and 620. It was not characterised any further.
From aniline/toluidine mixtures (i) (Entries 2-5): Mixtures of aniline:10% o-toluidine (2.0 g: 230 mg), aniline:10% p-toluidine (2.0 g, 230 mg), [1] [2] [3] [4] aniline:5% o-toluidine:5% p-toluidine (2.0 g: 115 mg: 115 mg) and 100% o-toluidine (2.5 g) were oxidised with K 2 Cr 2 O 7 (6.9 g, 0.0236 mmol) in aqH 2 15, 16 Preformed sulfate salts of 50 % aniline:25% p-toluidine:25% o-toluidine (made by adding cH 2 SO 4 to the aromatic amine (1.1 g: 0.63 g: 0.63 g) in MeOH or CH 2 Cl 2 then concentration and drying on a rotary evaporator) were oxidised at room temp for 24 h with K 2 Cr 2 O 7 (6.9 g, 0.0236 mmol) but no products were isolated and the filtrate remained orange. An attempt was made to isolate products from these reactions. This involved filtration and extraction of any precipitate with MeOH and neutralisation of the aqueous filtrate with CH 2 Cl 2 present. In none of these reactions was a product isolated except where some p-toluidine is used which can give some of compound 4.
(iv) (Entry 8) 12 A mixture of 25% aniline:25% o-toluidine: 50% p-toluidine (0.55 g:0.63 g:1.25g) or (v) (Entry 9) 13 25% aniline: 50% o-toluidine: 25% p-toluidine (0.54 g: 1.25 g: 0.63 g) in water (200 mL) acidified with cH 2 SO 4 (10 mL) was oxidised with K 2 Cr 2 O 7 (6.9 g, 0.023 mol) at 75 °C for 1 h then cooled and filtered. The precipitate was washed with water to remove all colouring. It was extracted with MeOH to give a dark solution which contains a polar red/pink product (R f = 0.05 in MeOH) and much complex yellow/ brown coloured material that runs ahead of it with MeOH as eluent. This mixture was filtered through a 3 cm pad of silica in a sinter with MeOH as eluent. A dark yellow/brown fraction eluted first followed by the slower elution of a red/pink product (1 mg). It streaks off from the silica. The dyestuff appears light red/pink on a TLC plate. In ethanol or hot water it stains a silk strip light pink so is not mauveine. It was not characterised any further.
(vi) Successful method: (Entry 10) A mixture of 90 % aniline:10 % p-toluidine (300 mg:35 mg) in water (200 mL) acidified with cH 2 SO 4 (7 drops, 0.35 mL) was oxidised with K 2 Cr 2 O 7 (350 mg, 0.0012 mmol, 4equiv. of amines to 1.34 equiv. of oxidant) at 75 °C for 4 h then cooled and filtered (a minimum time of 4 h heating is required). The precipitate was extracted on the sinter by agitating with MeOH (x3) to give a dark solution. TLC analysis (cNH 3 /MeOH 20:80) showed the clear presence of mauveine. The product was purified by chromatography on silica (20% aqNH 3 /MeOH) to give a small amount of pure mauveine (4 mg, ~1%) forming a thin film on the flask. Other arbitrary mixtures of aniline alone (weakest), aniline 90% and o-toluidine 10%; aniline 50%, p-toluidine 25% and o-toluidine 25%; aniline 90%, or p-toluidine 5% and o-toluidine 5% gave mauveine. Sometimes the solid product must be washed with water to remove salts. The strongest mauveine solution formed from using p-toluidine mixtures.
2-Amino-5-methyl-1,4-benzoquinone-4-(4-methyl)phenylimine (4): 18 p-Toluidine (2.0 g, 0.019 mol) was dissolved in water (200 mL) acidified with cH 2 SO 4 (20 mL) (entry 11). The mixture was stirred and treated with K 2 Cr 2 O 7 (2.8 g, 0.0095 mol, 0.5 eq) then heated to 75 °C for 1 h. The reaction mixture was then cooled and filtered. The filtrate was treated with CH 2 Cl 2 (200 mL) then stirred vigourously while being neutralised with aqNa 2 CO 3 . The solutions were filtered leaving a grey mud, then the CH 2 Cl 2 layer was separated, dried with MgSO 4 and filtered. It was then filtered through a 2 cm pad of silica and concentrated under reduced pressure to give the title compound (509 mg, 24%) as a red solid after drying under reduced pressure overnight, m.p. 89-91 °C (lit. 18 Silk dyeing with 2-Amino-5-methyl-1,4-benzoquinone-4-(4methyl)phenylimine monosodium hydrosulfate or hydrochloride (5): Silk strips cut from a silk hankerchief are dyed red/brown in an aqueous dye bath (a beaker). This is faster when it is hot and is facilitated by salt. Precursor 5 (30 mg, 0.133 mmol) and NaHSO 4 (30 mg, 0.217 mmol) were stirred in H 2 O (30 mL) containing NaCl (1.5 g) for 2 h at rt. A thin strip of silk was also cut from a white silk hankerchief and submerged in the dark purple dye bath for 12 h. It was removed and washed under a tap and air dried to give a dark red strip.
3-Phenylamino-5-phenyl-7-aminophenazinium sulfate (Pseudo-Mauveine 1): N-Phenyl-p-phenylenediamine 9 28 (250 mg, 1.36 mmol) and two equivalents of aniline (253 mg, 2.72 mmol) were added to water (250 mL) treated with a small amount of concentrated sulfuric acid (five drops using a short 15cm pipette, 0.25 mL). The mixture was heated to 75 °C with stirring to dissolve compound 6 then treated with 1.34 equivalents of potassium dichromate (535 mg, 1.82 mmol) and heated for a further 2-3 h. The reaction mixture turned red. The mixture was cooled, filtered through a fine No 4 sinter then washed with water. The precipitated material was extracted by agitation using a spatula on the sinter 6-7 times or more with small quantities of methanol. These washings were combined then concentrated and columned on conventional flash silica. The column is run with a fume hood on. Methanol elutes front running brown material and allows the compound to be loaded onto the column with a number of washings from a flask. 20% aqNH 3 /MeOH (prepared from concentrated aqueous NH 3 and MeOH) firstly elutes a blue layer. This is followed by a long purple band of the title compound (25 mg, 5 %) as a purple solid with golden sheen, m.p. > 220 °C; λ max (ethanol)/nm 225 (log ε 4.7), 280 (4.7) and 552 (4.75); ν max (KBr)/cm -1 2700-3500br, 1600s, 1500s,  1380s, 1350s, 1320s, 1190s, 1020-1120br, 880m, 830m, 750m, 700m 3-Phenylamino-5-(o-toluyl)-7-amino-8-methylphenazinium sulfate (11) : N-Phenyl-p-phenylenediamine 9 (250 mg, 1.36 mmol) and two equivalents of o-toluidine (291 mg, 2.72 mmol) were added to water (250 mL) treated with a small amount of concentrated sulfuric acid (five drops, 0.25 mL). The mixture was heated to 75 °C with stirring to dissolve compound 1 then treated with 1.34 equiv. of potassium dichromate (535 mg, 1.82 mmol, 1.34 equiv.) and heated for a further 2-3 h. The reaction mixture turned red. The mixture was cooled, filtered through a fine No 4 sinter and then washed with water. The precipitated material was extracted on the sinter 6-7 times or more with small quantities of methanol. These washings were combined then concentrated and columned on conventional flash silica. The column is run with a fume hood on. Methanol elutes front running brown material and allows the compound to be loaded onto the column with a number of washings from a flask. 20% aqNH 3 /MeOH (prepared from concentrated aqNH 3 and MeOH) firstly elutes a blue band. This is followed by a long purple band of the title compound Diphenyl amine (7); 36 general procedure: Aniline (10 mL, 0.108 mol) and aniline hydrochloride (5.0 g, 0.039 mol) were sealed in a 45 mL PTFE Parr digestion bomb and heated at 220 °C for 48 h. TLC analysis showed a clean reaction which had not yet gone to completion. After cooling the mixture was suspended in CH 2 Cl 2 and extracted with dilHCl (x2) which removes remaining aniline. The organic layer was dried with MgSO 4 and filtered through a small pad of silica. This was effective in removing baseline impurities. The solution was concentrated under reduced pressure to an oil which quickly crystallised to give the title compound as a pale yellow solid (3.7 g, 40%) from 10 mL of aniline(assuming that the hydrochloride salt of aniline was not available to react). The spectroscopic properties were identical with those of published material (checked by 1 H NMR).
Aniline (2 mL, 0.0215 mol) and aniline sulfate (0.5 g, 1.76 mmol) were sealed in a 23 mL PTFE Parr digestion bomb and heated at 220 °C for 48 h. After work up the title compound was obtained (294 mg, 16%) from 2 mL of aniline.
Aniline (1 mL, 0.011 mol), o-toluidine (1 mL, 0.009 mol) and aniline hydrochloride (1 g, 0.0077 mol) were sealed in a 23 mL PTFE Parr digestion bomb and heated at 220 °C for 48 h. After work up diphenylamine was obtained (427 mg, 47%) from 1 mL of aniline.
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